ABSTRACT: Least squares means, genetic ( ug), and phenotypic ( up) standard deviations, and phenotypic coefficients of variation ( C V ) were estimated on an age-constant basis for growth, carcass, and meat traits of castrate males from 12 breed groups combined, for 9 purebreds combined, and for the F 3 generation of three composite populations combined to which the nine purebreds contributed. Also, heritabilities ( h2) and genetic ( rg) and phenotypic ( rp) correlations were estimated among growth, carcass, and meat traits for all breed groups combined involving 1,594 individuals that were the progeny of 306 sires (214 purebred and 92 composites). Coefficients of variation and ug generally were similar for composites and contributing purebreds for growth and size-related traits. For traits relating to carcass composition and meat quality, means, up, or CV for composites and contributing purebreds generally were similar. Generally, estimates of ag and h2 were similar among all breed groups combined, contributing purebreds combined, and composites combined. Generally, rg were high among all measures of carcass fat, indicating major diffkulty in achieving a high percentage of retail product simultaneously with a high fat content of the longissimus muscle that is required for carcass quality grade. Generally, rp were of smaller magnitude than rg. All rp of marbling score or percentage of ether-extracted fat in the longissimus muscle with all end-use properties relating to palatability including shear force, and sensory evaluation of tenderness, juiciness, and flavor were below .30.
Introduction
Heritability estimates of, and genetic and phenotypic correlations among, growth, carcass, and meat traits in genetically diverse populations of cattle were reported by Koch et al. (1982) . The paper by Koch et al. (1982) reviewed rather variable estimates of heritability for some growth and carcass traits that had been reported in eight different studies. Comparison of composite populations with their contributing purebreds for genetic and phenotypic variation for growth, carcass, and meat traits has not been reported. Gregory et al. (1994a,b) suggested compos-J. Anim. Sci. 1995 . 73:1920 -1926 ite breeds as an effective procedure to use breed differences to achieve and maintain an optimum balance of carcass composition and beef quality attributes for each of a wide range of production and marketing situations. The objective of this study was to estimate genetic and phenotypic variances and heritabilities of, and genetic and phenotypic correlations among, growth, carcass, and meat traits of composite and contributing purebred populations of cattle.
Materials and Methods
Experimental Animals. There were 1,594 animals by 'Published as paper no. 10918, Journal Ser., Nebraska Agric. 306 sires from 12 breed groups included in this study.
Res. Div., Univ. of Nebraska, Lincoln 68583-0908.
Number of animals and sires, respectively, by breed Composites were from the F3 generation resulting from inter se mating of F2 generation sires and dams of the same breed composition (Gregory et al., 1994a) . All animals included in this study were born in 1988, 1989, 1990, and 1991 1988, 1989, and 1990 , limitations on carcass processing capability forced random sampling of sides for detailed cut-out and meat sensory data. This included a total of 65 carcasses on which cut-out and sensory data were not obtained in the 3 yr. Carcasses were processed into wholesale cuts of round, loin, rib, chuck, plate, flank, and brisket plus shank. Each wholesale cut was fabricated into boneless steaks, roasts, lean trim, and fat trim to 8 mm of fat trim except that the dorsal and lateral vertebral processes in the short loin and dorsal vertebral processes and ribs were left in standing rib roasts. Lean trim was targeted to contain 20% chemical fat. Further processing removed all subcutaneous and accessible intermuscular fat ( 0 mm of fat cover) from any surface and the remaining bone was removed from the short loin and from the standing rib roasts. The 9-10-11th rib cut was removed and processed by the procedure described for wholesale cuts and kept separate from the remainder of the rib. Soft tissue (lean and fat) from the 9-10-11th rib cut was ground and sampled to determine water and fat. Retail product included trimmed ( 8 or 0 mm of fat cover) steaks and roasts plus lean trim adjusted to 20% fat based on chemical analysis of the lean trim. Lean trim was ground and sampled for water and fat determinations to provide a basis for adjusting retail product to 80% lean and 20% fat in the lean trim.
Three longissimus muscle steaks, cut 2.54 cm thick from the 56th and 12th ribs, were frozen on d 9 after slaughter and were used for chemical determination of water and fat in the longissimus muscle, for WarnerBratzler shear force, and trained sensory panel evaluation of the longissimus muscle. Water was determined by oven drying and fat was determined by ether extraction. Procedures for thawing, cooking, coring, and serving samples to the trained sensory panel and for shearing cores followed AMSA ( 1978) guidelines, except that steaks for shear force determination were chilled overnight.
Analysis of Data. Data were analyzed by least squares mixed model procedures (Harvey, 1985) . The fixed effects included in the model were breed group (nine parental breeds in the model for purebreds, three composite populations in the model for composite populations, and nine parental breeds plus three composites in the model for combined analyses); feed level, slaughter group, year of birth, age of dam (2, + 02).
Coefficients of variation (CV) were computed CV = up/ X. Genetic and phenotypic correlations were calculated by COV,i ,j/(us; x us$ and COV Pi Pj/(uPi x uPj), respectively, where si and ,j refer to genetic value of traits i and j and where Pi and Pj refer to phenotypic value of traits i and j. In each analysis the component breed groups are assumed to have a common variance. The estimates of genetic (colvariances reflect average values for breed groups included in each of the three primary analyses.
The sire model provided for by the LSMLMW program (Harvey, 1985) was chosen over alternative models and programs (e.g., DFREML, Boldman et al., 1993) because it was important to estimate covariances among a large number of traits in the analyses. Computing efficiency greatly favored the use of the sire model over alternative models. Also, the advantages of using MTDFREML were thought to be relatively small because the parental purebred and composite populations were unselected and matings had provided for a low rate of inbreeding.
Results and Discussion
The number of sires and individuals, respectively, for all breed groups, purebreds, and composites were 306, 1,594; 214, 1,153; and 92, 441.
Least Squares Means, Genetic, and Phenotypic Sfandard Deviations, and Phenotypic Coefficients of Varia-
tion. Least squares means ( 3 , ug, up, and phenotypic CV for 1 ) all breed groups, 2) purebreds, and 3 ) composites are presented in Table 1 . Because of retained heterosis, composites had heavier mean weights than contributing purebreds and tended to have proportionately higher up for traits associated with heavier weight.
Coefficients of variation were similar in composites and contributing purebreds for carcass traits associated with weight, and for carcass composition.
For the difference between composite and contributing purebred variance components ( 0 : ) to be significant ( P < .05) the variance must be 1.34-fold larger for one than for the other (F-test, Snedecor and Cochran, 1967 For traits relating to carcass composition, composites had a higher percentage of fat in the carcass than contributing purebreds, consistent with previous reports on effects of heterosis on carcass composition (e.g., Gregory et al., 1994a,b) . After adjusting carcass composition for differences in weight, composites and contributing purebreds did not differ in carcass composition. Least squares means for composites and contributing purebreds generally were similar for traits relating to carcass composition and meat quality. For traits associated with carcass and meat quality, composites and contributing purebreds were similar in both up and in CV. There were no consistent differences between composites and contributing purebreds in ug.
Heritabilities. Heritabilities ( h2) and their approximate standard errors for all breed groups combined, contributing purebreds, and for composites are presented in Table 2 . Considering the magnitude of the standard errors, estimates of heritability for the traits evaluated were remarkably similar for composites and for contributing purebreds. There was not a consistent tendency for h2 for the composites to be greater than for the contributing purebreds. Heritabilities for all breed groups combined for growth traits are of similar magnitude for all phases of growth. Heritabilities of traits reflecting carcass composition are similar to growth traits. Heritability of marbling score and percentage of longissimus muscle fat were of the same magnitude and were higher than for growth traits. Heritability of traits relating to meat palatability generally were low. Muscling score in the live animal, a subjective evaluation, had highest h2 among the traits analyzed (.64). The low heritability of shear force ( . l 2 1 
suggests that differences in shear force were likely evaluated with higher error variance. These estimates of h2 tend to be slightly lower for the same or similar traits than those reported by Koch et al. (1982) ; shear force was considerably lower (.31 vs .12). Also, these estimates of h2 tend to be toward the lower end of the range for similar traits reported in a review paper by Koots et al. (1994) .
Genetic Covrelafions. Estimates of rg and their approximate standard errors for all breed groups combined are presented below the diagonal in Table 3 for traits of primary interest. The rg of slaughter and carcass weight with the components of carcass weight (e.g., carcass bone, carcass lean, and carcass fat weight) were high. The rg of adjusted fat at 12th rib, marbling score, and longissimus muscle fat with carcass composition (e.g., percentage of retail product and carcass fat weight) were high. However, the rg of marbling score with other measures of fat were lower than those reported by Cundiff et al. (1964) and by Koch et al. (1982) . The positive rg of marbling score with other measures of fat (e.g., .66 If: .l2 with percentage of fat trim) and negative rg between marbling score and measures of carcass composition (e.g., -.60 k .20 with percentage of retail product) reflect the difficulty of genetically increasing marbling score while maintaining a favorable 1ean:fat ratio in the carcass. The rg of marbling score with percentage a4.00 to 4.90 = slight; 5.00 to 5.90 = small. bFktail product includes steaks and roasts plus lean trim adjusted to 20% fat based on chemical analysis of lean trim. 'All subcutaneous and accessible intermuscular fat removed. dCarcass lean includes steaks and roasts trimmed to 0 mm of fat cover plus fat-free lean trim based on chemical analysis of lean trim. eCarcass fat includes fat trim plus fat in lean trim based on chemical analysis of lean trim. fEther-extracted fat. %hear force required to cut through a 1.27-cm core. h4 = slightly tough; 5 = slightly tender; 8 = extremely tender. i4 = slightly dry; 5 = slightly juicy; 8 = extremely juicy. 34 = slightly bland; 5 = slightly intense; 8 = extremely intense. kScore of 3 to 27 with 6, 15, and 24 reflecting, respectively, low, average, and high based on range in total population. of longissimus muscle fat was high with a low standard error (.g8 f .06) and was high with shear force but with a high standard error (-1.00 k .48). The rg of longissimus muscle area with carcass lean weight was high with a low standard error (.86 f .14).
The rg of percentage retail product with percentage fat trim was high ( -.g8 f .36) and the rg of percentage retail product was high with carcass fat weight (-.g8 k .36). The rg of percentage fat trim with weight of carcass fat was high with a low standard error (.g0 f-.04). The rg of a subjective muscling score in the live animal with measures of carcass composition were intermediate, suggesting
that visual evaluation of differences in thickness of muscle has value in contributing to making changes in carcass composition. The rg of shear force with sensory score for tenderness and juiciness were high but had high standard errors (e.g., -1.00 k .77 with tenderness and -.g6 f .54 with juiciness).
Phenotypic Correlations. Phenotypic correlations are presented above the diagonal in Table 3 . Phenotypic correlations of marbling score and percentage longissimus muscle fat with palatability attributes were below .30. Even though marbling score is the primary factor determining carcass quality grade in cattle of the age included in this study it does not have high predictive value of end-use properties relating to palatability attributes of individual carcasses from cattle finished on an accelerated program and slaughtered at an average age of 438 d. This is consistent with conclusions of Campion et al. ( 1975 1 with cattle of ages and nutritional background similar to those of cattle in this study.
Implications
Composite populations and contributing purebreds were similar in coefficients of variation for carcass and meat traits. Thus, product consistency is expected to be similar within populations of each. Because genetic variances are similar for composites and contributing purebreds for growth, carcass, and meat traits, selection response is expected to be similar within populations of each. Because of the high genetic correlation between marbling score and other measures of fat in the carcass, simultaneous selection to increase marbling and to increase percentage of retail product is unlikely to be effective.
